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Introduction
Afforestation causes major changes in both the abiotic and biotic aspects of an ecosystem. During the forest plantation cycle, as the habitat changes from an open to a forested environment, the greatest changes in the flora and fauna occur when the canopy closes (Wallace and Good, 1995; Humphrey et al., 1999; Jukes et al., 2001; 5 Oxbrough et al., 2005) . However, during the early stages of afforestation the silvicultural processes which take place (i.e. land preparation, chemical application, soil drainage) as well as the inevitable change in land-use that occurs (i.e. grazed to non-grazed land) are also likely to influence the organisms present.
Previous research examining the initial affects of afforestation on habitats has 10 documented changes in soil properties (Bellot et al., 2004; Farley and Kelly, 2004) , vegetation composition (Wulf, 2004) , and bird diversity (Allan et al., 1997) . There has however been less investigation of these effects on invertebrates, despite their prevalence in terrestrial ecosystems and importance in food webs. Spiders are a large group of terrestrial predators which are primarily affected by changes in habitat extent. With this in mind the present study aimed to investigate the initial effects of afforestation on the ground dwelling spider fauna within three habitat types: peatlands, improved grasslands and wet grasslands, which are typically used for afforestation in Ireland. 
Methodology

Study areas and sampling design
A paired sampling approach was used in the present study. Ideally, researchers should be able to survey a location both before and after the event being investigated (Before-After-Control-Impact design: Green, 1979) . However for investigations 10 involving land-use changes such as afforestation, which take place over many years, a sampling design which tracks sites over time is difficult to implement. Paired-site sampling designs have been successfully utilised in previous research (Kladivko et al., 1997; Berger et al., 2002; Barnett et al., 2004) . This approach was adopted in the present study to allow the influence of afforestation on ground dwelling spider 15 assemblages to be investigated over the course of one field season rather than over several years.
Ground dwelling spider assemblages were surveyed in the following habitats: peatlands, improved grasslands, wet grasslands. Twenty four matched pairs of unplanted and planted sites (eight within each habitat) were selected on the basis of 20 habitat, soil type, and geographical location. The site-pairs within each habitat type were widely distributed across Ireland, although improved grassland sites were grouped in the South-east (Figure 1 ). Where possible the paired sites were adjacent to each other, although three of the pairs were separated by 1-5 km. The habitat type of the planted sites prior to afforestation was determined by consultation with land owners, foresters' records and the vegetation present at the site. The planted sites were comprised of five year old stands of Sitka spruce (Picea sitchensis), which is currently the most widely planted tree species in Ireland, accounting for 65% of annual afforestation (Teagasc, 2005) .
General environmental and habitat characteristics of the habitats surveyed are shown 5 in Table 1 . The management regime varied among the habitat types: the unplanted improved grasslands were subject to heavy grazing and were usually fertilised at least once per year. The peatlands and wet grasslands were generally under low to heavy grazing pressure, however approximately half of the wet grasslands were also subject to annual silage cutting and fertilisation. In the planted sites the ground was 10 generally prepared by mounding with drains established at frequent intervals, although drainage was much less frequent among the improved grasslands. Fertiliser was applied to most of the peatland and wet grassland planted sites though not the improved grasslands, and herbicide use was most frequent in the grassland sites in the years following planting. In all sites the spruce trees conformed to the standard 15 spacing for conifers of 2m x 2m. Mean tree height in the wet grasslands was 4.3m (±2.6SD), compared to 3.1m (±1.2SD) in the improved grasslands and just 1.6m (±0.7SD) in the peatlands.
Spider sampling
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To investigate the initial effects of afforestation within the habitats two types of sampling plot were established. Firstly, plots were located in areas of homogenous vegetation cover which took into account the major vegetation types present: these were termed standard plots; Secondly, plots were located in various features present in the habitat which may contribute to the biodiversity of a site such as wet flushes 25 and the edges of ditches or streams (in the peatlands) and hedgerows (in the grasslands): these were termed supplementary microhabitat plots. To identify suitable sampling plots, both unplanted and planted sites were examined and comparable areas of habitat within each were identified. Then plots were selected by walking a transect route through the centre of these habitat areas locating the plots 5 approximately 50 m apart (although sometimes at a greater distance if no suitable habitat was located at 50 m) at least 50 m from the edge.
Pitfall traps were used to sample the ground dwelling spider assemblages within and among the habitat types. Pitfall trap catches are a function of a species' density, activity and behaviour, and as such, the data derived should not be considered a 10 complete inventory of all the ground-dwelling species in a given habitat. Rather, they should be considered a representation of the active ground-dwelling spider fauna which are susceptible to this trapping method.
The pitfall traps consisted of a plastic cup (7cm diameter by 9cm depth) which had two drainage slits cut 1cm from the rim of the cup and were filled to 1cm depth with 15 ethylene glycol to act as a killing and preserving agent. Although it has been found that a trap with a diameter of 11.1cm may be the most efficient for sampling ground active spiders (Brennan, 2003) a 7cm was selected in the present study for logistical reasons. The cup was placed into a whole made with a bulb corer so that the rim of the cup was flush with the surface of the ground. To protect the trap from trampling 20 in the heavily grazed sites a section of plastic piping (7cm diameter by 10cm depth), was inserted into the ground, and the plastic cup was then inserted within this ring.
Each sampling plot consisted of five pitfall traps, which were arranged in a 4x4m grid, with one trap at each corner and one in the centre in the standard plots. In the supplementary plots which sampled linear features (such as hedgerows and ditch or 25 stream edges) the traps were arranged in a line along the linear feature, with each trap spaced 2m apart.
Six sampling plots were established within each site (three of each plot type), each separated by a minimum of 50m. In two of the improved grassland planted sites however there were no supplementary features present, so only three standard plots 5 were established. In the wet grasslands and peatlands this gave a total of 96 plots, with 48 plots each in the unplanted and planted sites, whereas in the improved grasslands there were a total of 90 plots with 48 in the unplanted and 42 in the planted sites. The traps were active from May-July (63-65 days) and were changed three times during this period, approximately every 21 days. A large number of traps 10 were lost through trampling in five of the sites so the pitfall traps were maintained for an extra 21 days in these pairs of sites. Due to the large number of sites and the intensity of fieldwork involving invertebrates the sampling was carried out over two A x50 magnification microscope was used to identify the spiders to species level and nomenclature follows Roberts (1993) , however juveniles were not identified due to the difficulty involved in species identification. Determining the distribution, rarity and ecology of Irish spiders can be problematic due to the lack of previous research.
To overcome this the Provisional Atlas of British spiders (Harvey et al., 2002) was used in conjunction with the published Irish records (van Helsdingen, 1996; Roberts, 1996; McFerran, 1997; van Helsdingen, 1997; Smith, 1999; Snazell and Jonsson, 1999; Nolan, 2000a Nolan, , 2000b Cawley, 2001; Nolan, 2002a Nolan, , 2000b Fahy and Gormally, 2003 These were determined using available literature (listed above), however due to the lack of published information on Irish spiders many of these associations were based on the species' habitat preferences in Great Britain. This was considered adequate because the climate and habitats in Ireland and Britain are similar, and it is likely that 10 spider species will respond in a similar way.
Habitat variables
Vegetation cover in a 1m 2 quadrat surrounding each pitfall trap was measured in the following vertical layers: ground vegetation (0-10cm), lower field layer (>10cm -15 50cm) and upper field layer (>50cm -200cm). Cover of other features such as deadwood, leaf litter and soil was also measured. Percentage cover of these variables was estimated using the Braun-Blanquet scale (Mueller-Dombois and Ellenberg, 1974) , which gives numerical rankings to a range of percentages (+ = <1% cover; 1 = 1 -5%; 2 = 6 -25%; 3 = 26 -50%; 4 = 51 -75%; 5 = 76 -100%). For the analyses the 20 appropriate median value within each range was substituted for the numerical ranking. At two locations within each plot a bulb corer was used to extract the top layer of the substrate to a depth of 15cm. Organic content of the soil was then calculated using the method outlined in Grimshaw (1989) . Each plot was classified by habitat type according to the Irish habitat classification scheme (Fossitt, 2000) .
Several of the flushes sampled were large enough to be designated as a poor fen and flush peatland habitat type, however as these areas were still not large enough to constitute a substantial area of the site they were still considered supplementary habitats. 
Results
Over 14% of the traps were lost due to animal trampling. The majority of these were in the unplanted improved grasslands where nearly 27% of the traps were lost. With these plots excluded from the analyses this gave a total of 86 plots in the peatlands (43 planted and 43 unplanted), 70 in the improved grasslands (37 unplanted and 33 planted) and 90 in the wet grasslands (45 unplanted and 45 planted). For the paired site analyses this resulted in 6 paired peatlands, 7 paired wet grasslands and 5 paired improved grasslands.
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There were 33157 individuals captured from 189 species and 18 families: of these spiders 3448 were juveniles and so were excluded from the analyses. The most abundant species in the unplanted sites were Pardosa pullata (Clerck, 1757), Pardosa amentata (Clerck, 1757), Silometopus elegans (O. P.-Cambridge, 1872), Oedothorax fuscus (Blackwall, 1834) and Pachygnatha degeeri (Sundevall, 1830) , each of these species 10 constituting greater than 5% of the total adult catch within these sites. In the planted sites, P. pullata and P. amentata were the most abundant species, also constituting greater than 5% of the total adult catch each.
There were 40 species sampled that were associated with open habitats and 15 species associated with forested habitats; furthermore, two species were associated 15 with dry habitats and 54 species associated with damp or wet habitats. The majority of species sampled were typical ground layer species (111), although 37 species were associated with low vegetation and one species associated with trees and shrubs. A full list of the species and their authorities, including their habitat associations is given in the Appendix.
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There were five rare species found in the standard plots, the majority of which were only sampled in the unplanted sites. Satilatlas britteni (Jackson, 1913 ) is associated wet locations and was sampled in lowland and upland blanket bogs. Both Nigma puella (Simon, 1870) and Zelotes lutetianus (Koch, 1866) were sampled in the lowland blanket bogs, N. puella is usually found on trees and bushes, and Z. lutetianus is associated with coastal marshes and sand dunes (Harvey et al., 2002) . Milleriana inerrans (O. P.-Cambridge, 1885) frequently utilises aerial dispersal and is therefore found in a variety of habitats in Britain (Harvey, et al. 2002) though it has only been recorded once in Ireland. This species was sampled in the unplanted wet grasslands.
Only one rare species was found solely in the planted sites, Episinus truncatus 5 (Latrielle, 1809), which was sampled in an improved grassland site and is usually associated with heathlands (Roberts, 1993) . Baryphyma gowerense (Locket, 1865), was sampled in a wet grassland standard plot (as well as in a poor fen and flush supplementary peatland plot) and has previously been found in brackish marshes (Harvey et al., 2002) .
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There were four rare species found in the supplementary microhabitat plots, the majority of which were only sampled in the unplanted peatlands. Meioneta mollis (O.
P.-Cambridge, 1871) which was a new Irish record, and is associated with damp conditions, and S. britteni, were both sampled in poor fen and flush peatlands. B.
gowerense was sampled in a poor fen and flush unplanted peatland plot (as well as in 15 wet grassland standard plot). Maro sublestus (Falconer, 1915) and S. britteni, were also sampled on the edges of streams in lowland blanket bogs. Both of these species are associated with wet habitats (Harvey et al., 2002) . Saloca diceros (O. P. -Cambridge, 1871) was found in both unplanted and planted hedgerows in the wet grasslands and is associated with a variety of wet habitats such as saltmarshes and Sphagnum bogs 20 (Harvey et al., 2002) .
The affects of afforestation on species richness and abundance
Standard plots
The mean number of species per standard plot within each habitat type is shown in Table 2 . Total species richness did not differ significantly between the unplanted and 25 planted peatland and wet grasslands; however in the improved grasslands mean species richness was significantly greater in the planted sites. Across the habitats total abundance and the number of open-associated and wet-associated species was greater in the unplanted sites, though for abundance this difference was not significant among the improved grasslands. In contrast, the number of species associated with forested habitats was higher in the planted sites across the habitats, 5 though not significantly so in the wet grasslands. The number of species associated with the ground layer did not differ significantly between the unplanted and planted peatlands and wet grasslands; however in the improved grasslands the number of ground layer species supported was significantly greater in the planted sites.
Similarly, the number of low vegetation species did not differ significantly among 10 the unplanted and planted sites in the wet grasslands and peatlands, however there were significantly more of these species supported in the improved grassland planted than the unplanted sites.
Supplementary microhabitat plots
In the peatlands the number of species associated with wet habitats was significantly 15 lower in the planted supplementary plots compared to the unplanted plots (t = 3.60, P = 0.009, n = 8). The number of ground layer species in the peatlands showed a similar trend, however this difference was not significant (t = 1.95, P = 0.09, n = 8).
The remaining species variables however (total richness, abundance, dominance and various habitat specialists) did not differ significantly in the peatlands. In addition to 20 this there were no significant differences in any of the measures of the abovementioned species variables between supplementary plots in the planted and the unplanted sites within the wet and improved grasslands.
The effects of afforestation on spider assemblages
Standard plots
The grassland and peatland spider assemblages were distinct in both the richness of the various species groups and the rare species supported (see above text, table 2 and Appendix) so these were analysed in separate ordinations. The NMS ordination of spider assemblages among the unplanted and planted grassland standard plots 5 accounted for 84% of the variation in the data with three axes best explaining this variation (Figure 2) . Axis 1, which accounted for 31% of the variation, separated the unplanted from the planted plots. Axis 2, which represented 30% of the variation, distinguished the unplanted improved grasslands from both the unplanted and planted wet grassland plots. Axis 3, which accounted for a further 22% of the 10 variation in the species data, represented a further separation of the unplanted and planted plots. Within the habitats the spider assemblages in the unplanted and planted improved grasslands differed significantly (MRBP: A = 0.291, P = 0.008), whereas unplanted and planted wet grasslands plots did not (MRBP: A = 0.045, P = 0.139).
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The NMS ordination of the peatland standard plots accounted for 86% of the variation in spider assemblage composition ( Figure 3 ) and was represented by three axes. Axis 1, which explained over 53% of the variation in the species data, distinguished the unplanted and planted plots which also differed significantly in assemblage composition (MRBP: A = 0.162, P = 0.004). Across Axis 2 (which 20 accounted for 17% of the variation) the planted plots exhibited greater variation than the unplanted plots. There was also some separation of the unplanted plots by Irish habitat classification (Figure 3) . Axis 3, which accounted for 15% of the variation in the species data, further separated the planted plots, distinguishing several lowland and upland blanket bog plots from the remaining plots.
The species with high indicator values in the unplanted sites (Table 3) 
Discussion
During the forest cycle there is a fundamental change in the flora and fauna at the time of canopy closure (Wallace and Good, 1995; Humphrey et al., 1999; Jukes et al., 2001; French, 2005; Oxbrough et al., 2005) . Indeed, prior to this the spider assemblages resemble that of the pre-planting habitat type (Oxbrough et al., 2005) . In 15 addition to this, the present study also suggests that even in the first five years of the forest cycle the spider fauna is affected by afforestation. In particular, species associated with specific habitat characteristics of the unplanted sites were replaced by habitat generalists. Furthermore, after afforestation, a greater number of species associated with forested habitats were supported, even at this early stage in the forest 
Peatland spider fauna
There was no overall difference in the number of species supported in the peatlands 5 after afforestation, however the composition of the spider assemblages differed between the unplanted and planted sites, being distinguished by a reduction in rare and specialist wetland species. Prior to afforestation the unplanted areas are prepared for plantation establishment to encourage more suitable conditions for tree growth. This includes the establishment of drains, which on particularly wet sites are 10 created at frequent intervals: for instance the recommended spacing for mound drains is 8m (Forest Service, 2003) . Indeed, in the present study the majority of the sites had an extensive network of drains established (personal observation). The peatlands were generally the wettest sites surveyed and so drainage may have had the greatest influence on the soil moisture content in this habitat, a factor known to 15 influence spider distribution (Usher, 1992).
The extent of the drainage may be of particular importance for the supplementary microhabitats sampled in the peatlands, especially those larger areas which were designated as poor fen and flush habitats. These areas supported a distinct spider fauna with several rare species compared to those in the planted sites. The Irish
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Forestry and Water Quality Guidelines (Forest Service, 2000b) stipulate that aquatic zones ('a permanent or seasonal river, stream or lake') which are marked on Ordnance Survey six-inch maps should be protected during the afforestation process by a minimum buffer zone of 10m. These current guidelines are likely to exclude the supplementary flushes sampled within this survey because they are either not 25 included in this definition or because of they are too small to be included on the six-inch maps, and so they may be afforded little protection during the afforestation process.
In the peatlands the vegetation structure and composition changed dramatically after afforestation. The unplanted peatlands were dominated by a mixture of mosses, sedges, low herbs and some grasses and low ericaceous shrubs. After planting, 5 purple moor-grass (Molinia caerulea), a coarse tussocky grass, was dominant in many of the peatland sites. This may explain why the numbers of species associated with low vegetation was significantly lower in the planted peatlands; these species may have been specialised to the particular vegetation structure present on the site prior to afforestation. Changes in vegetation structure and composition could be attributed 10 to the drier soil conditions after afforestation, but also the application of fertiliser (phosphate) which was used after afforestation on all of the peatland sites. Although fertiliser is applied to encourage crop tree growth it is also likely to influence the ground and herb vegetation present. 
Grassland spider fauna
Among the grasslands the number of specialist wetland species and rare species was reduced after afforestation, again probably reflecting the influence of soil drainage but also fertiliser application in the wet grasslands. In addition to this the spider fauna of the grasslands, and in particular the improved grasslands, may have been 20 influenced by a release from grazing pressure. The improved grassland sites were the most intensively managed of the habitats surveyed prior to afforestation, with the heaviest level of grazing. This can be seen in the present study where the unplanted improved grasslands were characterised by species such as E. atra, E. dentipalpis and O. fuscus, which are pioneer species frequently found dominating disturbed habitats 25 (Cole et al., 2003) . However after afforestation there was an increase in the overall number of species supported and also in the number of species associated with low vegetation (rather than ground vegetation). Grazing pressure has been found to directly influence spider diversity through the resulting decrease in vegetation structure (Dennis et al., 1998; Dennis et al., 2001 ). This may suggest that afforestation initially benefits the spider fauna of improved grasslands, however this is unlikely to 5 persist after canopy closure (Oxbrough et al., 2005) It is unsurprising that the hedgerows sampled in the grasslands did not differ to a great degree in either species richness or assemblage composition between the unplanted and planted sites. Whilst hedgerows are likely to be adversely affected by the effects of shading when the trees are more developed, at this early stage in the 10 forest plantation cycle trees of 2-3m in height are unlikely to have a large impact.
Furthermore, the Irish Forest Biodiversity Guidelines (Forest Service, 2000a) recommend that hedgerows be regarded as areas for biodiversity enhancement within plantations, meaning that they should remain undisturbed during the afforestation process and a 3m buffer zone should be established around them 15 (Forest Service, 2000a) . This is presumably to protect them from shading and disturbance by machinery. In addition to this hedgerows may support species which inhabit the upper vegetation layers (and hence not sampled by pitfalls), so the protection of these features during the afforestation process may be important for plantation biodiversity. 
Conclusions
This study indicates that peatlands are the most sensitive to afforestation of the habitats surveyed, suggesting that in terms of biodiversity loss, this habitat is the least suitable for afforestation. In particular, small areas of wet flush within 25 peatlands, which support distinct and rare species, should be protected during the afforestation process. Furthermore, the loss of specialist species across all of the habitats after afforestation indicates that retained areas which are selected for biodiversity enhancement when plantations are established will benefit from as little disturbance to the habitat and pre-planting management regime as possible. Table 1 Environmental and habitat characteristics among the habitats and planting types (U = Unplanted, P = Planted). Mean ±SD and range of altitude is shown.
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